Campylobacter numbers on broiler carcasses can increase dramatically during defeathering because of leakage of contaminated gut contents in the feather-picking machine. Food-grade organic acids have been shown to be effective in killing bacteria. Placement of organic acids into the cloaca prior to defeathering was tested to determine if such a treatment could lower the number of Campylobacter that escape and contaminate broiler breast skin during automated feather removal. Campylobacter numbers on the breast skin of treated carcasses increased during defeathering but resulted in numbers that were only about 2% of those observed on control carcasses. Placement of food-grade organic acids in the cloaca of broiler carcasses may be useful as a means to lessen the impact of automated defeathering on the microbiological quality of carcasses during processing.
DESCRIPTION OF PROBLEM
Overall, processing lowers the numbers of Campylobacter on broiler carcasses such that a chilled carcass has fewer bacteria than a prescald carcass [1, 2] . However, one processing step causes a dramatic increase in Campylobacter numbers detected on broiler carcass skin. Automated defeathering has been shown to cause contents to be released from the cloaca [3] . In the case of Campylobacter-positive flocks, this causes a significant increase in the numbers of Campylobacter associated with the outer surfaces of the carcass [1, 2, 3] . Lessening this increase could enable processors to reduce the numbers of Campylobacter on finished products, 1 Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the US Department of Agriculture. 2 Corresponding author: mberrang@saa.ars.usda.gov which would potentially result in less risk of foodborne campylobacteriosis to the consumer.
Organic acids have been used to improve the microbiological quality of food products, including meat. When applied to beef as a spray treatment, organic acids have been shown to lower numbers of bacteria recovered from the surface of carcasses [4, 5, 6, 7, 8] . Organic acids have also been tested to reduce bacteria during poultry processing. Spraying broiler carcasses with lactic acid lowers the numbers of salmonellae that can be recovered [9, 10, 11] . Organic acids have also been shown to be effective in lowering some bacterial numbers recovered from poultry carcasses when used in scald water [12] , as a spray during defeathering [13] , during prechill [12, 14] , or as a postchill dip [12] . When applied in combination with modified atmosphere packaging, lactic acid treatment has been shown to result in increased shelf life of fresh poultry meat [15, 16] . Tamblyn and Conner [17] examined the relationship between exposure time and concentration on the effectiveness of several organic acids to inactivate Salmonella attached to chicken skin. They found that attached salmonellae were harder to kill than suspended cells and that greater than 4% concentration of acid was required to cause a 2 log decrease in the number of cells attached to chicken skin [17] . Hinton et al. [18] found that by feeding lactose to young chickens, the pH of the ceca changed as the concentration of lactic acid increased. They found that chicks provided with dietary lactose had fewer Salmonella in their ceca [18] . These findings suggest that organic acids may be effective to kill bacteria in the gut as well as on the outer surfaces of carcasses.
The objective of the current study was to test the effect of organic acids placed in the cloaca before scalding on the numbers of Campylobacter found on carcass breast skin after automated defeathering. Our hypothesis was that acid treatment (acetic, lactic, or proprionic) would lower the number of viable Campylobacter in the cloaca of broiler carcasses, resulting in less contamination due to leakage during defeathering.
MATERIALS AND METHODS

Experimental Design and Treatments
Organic acids were used at 1 M concentration and included acetic acid (pH 2.3), lactic acid (pH 1.9), and proprionic acid (pH 2.4) [19] . In each of 3 replicate trials, 10 carcasses were treated with each acid, and another 10 were treated with sterile water as a control (n = 30 carcasses per treatment; n = 120). Treatment was applied after bleed-out and before carcasses entered the scald tank. Campylobacter numbers on carcass breast skin was determined at 2 points: after scalding but before entering the feather picker and again after passage through the feather picker. Campylobacter numbers recovered at the 2 sample points were compared to measure the effectiveness of each treatment in lowering the expected increase during feather removal.
Broilers and Processing
Live broilers (approximately 42 d old) were obtained from a commercial processing plant after approximately 12 h of feed withdrawal, caged in plastic coops, and then transported to a pilot processing facility. Broilers were held at room temperature (approximately 25 to 30°C) until hung in groups of 10 in commercial-style shackles. All broilers were stunned electrically by 12 V DC [20] and killed by cutting blood vessels in the neck with an automated killing machine [21] .
The line was stopped for approximately 2 min to apply treatment to carcasses. First, each carcass was subjected to a manual squeeze to express contents from the cloaca. The intent was to avoid variation due to some carcasses having much more cloacal contents than others. Each carcass was then subjected to the acid or watercontrol treatment. Liquid was placed into the cloaca by means of a sterile 25-mL pipette and a hand held pipette aid pump [22] . Each pipette was inserted gently until resistance was met (approximately 3 cm), and 12 mL of acid or water was pumped into the cloaca. The goal of the treatment was to fill each cloaca up to overflowing, assuring the maximum uptake possible under the conditions described. Upon removal of the pipette, the vent was briefly (1 to 2 s) held shut to minimize leakage of the treatment chemical. Leakage indicated the cloaca was full and was not quantified. The shackle line was restarted, and the carcasses progressed to the scald tank.
Carcasses were scalded in a set of 3 triplepass scald tanks [23] set at 56°C. Shackle speed was set so that carcasses spent 30 s in each scald tank with 30 s in between. The time required for carcasses to proceed from the killer to scald tank exit, including application of treatment, was approximately 6.5 min. Each carcass was sampled after scalding. Carcasses then proceeded into a commercial defeathering machine [24] operated with a tap water spray (average total chlorine of 0.5 ppm). A paired sample from each carcass was collected after defeathering.
In between each batch of 10 broilers, the feather-picking machine was sanitized. First the machine was subjected to a thorough hose washing with 52°C water. Then each picker finger Values within the same column with different superscripts are significantly different by Tukey's honest significant difference (P < 0.01).
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Values within the same row with different superscripts are significantly different by paired t-test (P < 0.01).
was sprayed with 200 ppm sodium hypochlorite, and the machine was rinsed again with 52°C water.
Carcass Sampling
To quantify the increase in Campylobacter numbers recovered from carcass skin due to passage through the feather-picking machine, carcasses were sampled immediately before and after defeathering. Each carcass was sampled by means of a sponge swipe of the breast skin between sternal feather tracts as described by Berrang et al. [3] . Briefly, 3 downward swipes were made on the breast skin from the tip of the keel to the top of the breast (approximately 30 cm 2 ) by using a sterile sponge [25] premoistened with 10 mL of PBS. An additional 10 mL of PBS was added to each sponge, and all sponges were held at 4°C until cultured within 1 h.
Bacterial Culture
Each sponge sample was stomached for 30 s and manually squeezed to express diluent. Serial dilutions of diluent were prepared in PBS and plated in duplicate on the surface of campycefex agar [26] . Plates were incubated 48 h at 42°C in sealable bags flushed with microaerobic gas (5% O 2 , 10% CO 2 , and 85% N 2 ).
Preliminary work (data not shown) revealed that moistened skin sponge samples from acidtreated carcasses had a pH between 6.5 and 7.5, well within the range that Campylobacter tolerates [27] . Therefore, Campylobacter would not be expected to die in the sample after collection. Nevertheless, it was desired to assure that any reduction in numbers was due to treatment rather than sample handling. After removal of the aliquot for plating, the pH of each sample from acid-treated carcasses was measured with test paper [28] .
After incubation, colonies characteristic of Campylobacter were counted. Each colony type from every sample was confirmed as Campylobacter by observation of typical cellular morphology and motility on a wet mount under phase-contrast microscopy. Each colony type was further confirmed as a member of jejuni, coli, or lari species by a positive reaction on a serological latex agglutination test [29] .
Statistical Analysis
Number of Campylobacter detected per sample was log 10 transformed and analyzed with a statistical software package [30] . The data were analyzed in 2 different ways. We tested to determine if Campylobacter counts increased during defeathering as expected. A paired t-test was conducted to test for differences in numbers detected on the same breast skin before and after feather removal. A separate test was done for differences in mean numbers within sample site according to treatment. This was done with an ANOVA using a randomized complete block design with replication as the block. This method removes the replication effect and places it in the error term resulting in a robust test of treatment. The ANOVA was followed by Tukey's honest significant difference test to separate means by treatment. Significance was assigned at P < 0.01 for all tests.
RESULTS AND DISCUSSION
Preliminary study (data not shown) indicated that addition of 12 mL of 1 M acetic, lactic, or proprionic acid to the cloaca of broiler carcasses lowered numbers of viable Campylobacter that could be recovered by cloacal swab. However, the pH of the cloacal swab samples was affected by the addition of the acid. This finding suggested that the Campylobacter on cloacal swabs might have been dying, not just in the gut, but also after collection due to the harsh conditions in the sample tube. To test for the possibility of death after sample collection in the current study, the pH of each breast skin sponge sample collected from acid treated carcasses was tested and found to fall between pH 6.5 and 7.5, which is within the range that Campylobacter can tolerate [27] . Therefore, continued death of Campylobacter due to low pH of the sample after collection was not considered to be a problem.
Campylobacter numbers are shown in Table  1 . All prepick breast sponge samples had less than 1 log cfu Campylobacter. Prepick samples from the carcasses treated with lactic acid had slightly lower numbers than the prepick samples from carcasses that were treated with water or the other acids.
Water-treated control carcasses underwent a 3.5 log increase in the numbers of Campylobacter recovered due to passage through the feather-picking machine. This result was similar to increases in Campylobacter numbers that have been previously reported [1, 2] . Carcasses that had been treated with acids also had increased numbers of Campylobacter recovered from breast skin due to defeathering. However, this increase was not as dramatic and resulted in counts around 2 log cfu per sample and was
CONCLUSIONS AND APPLICATIONS
1. The increase in Campylobacter numbers on broiler carcasses during defeathering was reaffirmed. 2. Application of 12 mL of 1 M acetic acid, lactic acid, or proprionic acid into the cloaca of a carcass before scalding resulted in lower numbers of Campylobacter on carcasses (breast skin) after defeathering. 3. If a delivery system to apply food-grade organic acids to the cloaca of broiler carcasses prior to scald could be engineered, Campylobacter contamination of defeathered carcasses might be lessened.
significantly lower than the numbers detected on control carcasses. None of the 3 acid treatments was better than the others in lessening the final number of Campylobacter on defeathered carcasses. They all resulted in numbers equal to about 1 to 2% of that observed on the skin of control carcasses.
Reductions in bacterial numbers due to application of organic acids directly to the surface of broiler carcasses [9, 10, 11, 12, 13, 14] and meat [15, 16] have been shown previously. In some instances, these treatments resulted in a negative change in skin color and texture [12, 14] . However, in the current study acids were not applied directly to the carcass surface, and, although no readings were taken on a colorimeter, no change in skin color was noted. We have shown that application of organic acid to the cloaca prior to scalding results in less Campylobacter contamination during defeathering. Practical use of this type of treatment in a commercial setting would require an engineering solution for application. If the mechanical logistics were solved, such a treatment would be expected to result in lower Campylobacter numbers being on the skin prior to the use of an inside-outside washer and other interventions commonly used in poultry processing. It is our hope that by lowering the numbers of Campylobacter on defeathered carcasses, processors will be able to produce chilled carcasses with lower numbers of Campylobacter.
